Goals of work This study aimed to use an integrated system (Medical Care Continuity (MCC) system) consisting of computer, video telephone, and a high-definition camera to monitor at home chemotherapy side effects in cancer outpatients.
Introduction
Cancer patients treated in a hospital setting with polychemotherapy regimens, intravenously or orally, may experience several side effects when back home.
In such an eventuality, guidelines provide a number of supportive therapies to be administered (e.g., antiemetic therapy, growth factors, etc.) with no particular need for hospitalization.
Most reported side effects on chemotherapy are nausea/ vomit, mucositis, diarrhea, neutropenia, anemia, thrombocytopenia, hyperpyrexia, hand-foot syndrome (HFS), alopecia, and peripheral neurotoxicity.
For instance, a standard regimen used for metastatic breast cancer containing both anthracyclines and taxanes may cause ∼100% of severe neutropenia (<1,000 neutrophils per cubic millimeter) and 30-40% of febrile neutropenia during the home stay [16] .
This requires careful monitoring of body temperature, checking for signs and symptoms of infection, repeated blood test checks, as well as prescription of supportive care drugs (growth factors, antibiotics) outside the hospital.
Moreover, a growing body of evidence suggests that cancer patients can be effectively treated with several types of oral anticancer drugs and possibly followed with no hospital admission.
For example, capecitabine, an oral pro-drug of chemotherapeutic agent 5-fluorouracil, is widely used for the treatment of colorectal and breast cancers. It may cause relevant toxicity involving skin and mucosa, such as HFS and severe diarrhea [4, 12] . In a recent study including more than 1,200 patients with metastatic colon cancer, 47% and 53% of diarrhea and HFS were reported, respectively [4] .
In addition, cancer patients may amplify their perception of discomfort and symptoms while at home and their understandable anxiety may contribute to the increase of unnecessary hospital visits, thus increasing medical expenses.
Cancer patients need a complex clinical, social, and psychological management that can be effective only if care continuity from hospital to home is guaranteed.
A daily visual connection between health care professional and patient may be of great value in reducing patient anxiety, allowing accurate skin toxicity teleassessment and providing a more complete picture of patient status thus avoiding unnecessary outpatient visits.
Furthermore, remote-controlled high-definition camera installed at the patient's home may allow physicians to view, at the hospital site, medical reports from radiological exams, blood tests, etc. that patients keep at home.
Hence, the idea of a research project (the MCC project) to enable physicians to properly evaluate post-chemotherapy side effects with the support of computer and video telephone was developed. In recent years, we have seen extraordinary advances in telecommunication technology and the use of such new technological tools for medical purposes has only recently become a matter of research. Video-assisted medical care is increasingly being used to deliver diagnostic and therapeutic support.
The main objective of the present study was to assess the feasibility of video-assisted home care of cancer patient on chemotherapy and evaluate a possible reduction of unnecessary hospitalizations and hospital visits via a prompt solution of medical problems with the use of a direct patient/physician video link.
Patients and methods
The study was conducted in two separate phases
Screening phase
Consecutive patients receiving chemotherapy for solid tumors at the Medical Oncology Unit of Tor Vergata Clinical Center (PTV) between November 2005 and October 2006 were screened for study eligibility and willingness to participate in the study. Screened patients were classified by tumor primary site, extent of disease, Karnofsky performance status, and type of chemotherapy. No selection for patient screening was made in terms of disease extension (metastatic vs localized), type of chemotherapy (adjuvant vs first-line treatment for metastatic disease, standard chemotherapy vs biological drugs, intravenous vs oral administration), and management issues (general medical conditions, comorbidity, psychological, social, and familial issues).
Data regarding four variables potentially influencing patient decision to participate in the study were analyzed: (1) annual income, (2) education level, (3) traveling distance between patients' homes and PTV, (4) age. Patient subgroups were identified for each variable as follows: high vs medium-low annual income (considering as cutoff 50,000 euros per year), primary school vs high school/ university education, easy access vs difficult access to the hospital (considering a cutoff traveling time of 30 min), and >60 vs <60 years of age.
Acceptance rate for study participation was determined in each patient subgroups.
Patients consenting to the study accepted to have, if available, the MCC platform installed at home (see "MCC platform and architecture" section) and provided a written informed consent. A signed agreement was also obtained from respective general practitioners and caregivers.
Experimental phase MCC platform and architecture As the current project was a pilot feasibility study, the experimental equipment was of limited availability and, among patients who consented to the study, five subjects were selected to have one of the five available video stations installed at home for video-assisted MCC between each cycle of chemotherapy. The five patients were selected at investigator discretion as emblematic cases of all treatment types (oral chemotherapy, standard intravenous chemotherapy, and new biological drugs), disease conditions (both metastatic disease and with no evidence of disease on adjuvant chemotherapy), and ages.
The MCC platform consisted of a remote assistance equipment (videophone, webcam, remote control) installed permanently at the hospital, at an intermediate call center, and at the patient's home for the duration of the treatment (Fig. 1) . Main aspect was a patient video monitoring which was only used at required times with the patient's agreement. The patient was able to contact at any time the call center, which was in charge of an initial medical assessment. The call center was able to forward the video call to the hospital (PTV) as a specialized medical management was required. Hospital and call center were both able to start a video contact, but it was a complete patient choice to accept or hang up a call by using a remote control. Once the contact was established, the call center or PTV had the possibility of remotely tracing the patient's camera and taking photos if appropriate for a better assessment of the situation. Caregivers were instructed to monitor all services at the patient's home. Due to the patient's shared medical file held by the hospital, all caregivers were able to follow the same medical care protocol, which was updated in real time.
Questionnaire pack and video-assistance parameters Selected patients were provided with three internationally validated questionnaires, namely: (1) the SF-36 [18, 19] , measuring eight generic health concepts (i.e., physical functioning, role limitations due to physical health problems, bodily pain, general health perceptions, vitality tapping energy levels and fatigue, social functioning, role limitations due to emotional problems, and mental health), (2) the Hospital Anxiety and Depression (HAD) scale [1, 2, 8, 13, 17, 20] , assessing the levels of anxiety and depression among nonpsychiatric patients, (3) the Katz index, exploring patient independence in activities of daily living [6] .
An additional tailor-made questionnaire (MCC projectspecific questionnaire) was designed to explore patient, family member, and caregiver opinions on five relevant aspects of the MCC system:
1. Potential improvement of patient health 2. Complexity of MCC technology 3. Perception of videophone at home as a disturbing factor 4. Potential improvement of medical assistance 5. Feeling of protection and reassurance. The MCC questionnaire was also administered to study investigators in order to explore physicians' points of view.
All questionnaires were to be completed at the beginning and at the end of the experimental phase.
Karnofsky Performance Status [9] was also recorded by investigators at study entry and at each treatment cycle thereafter throughout the study.
All video calls were traced in a unique database and data regarding number of calls a week, reason for video calling (technical vs medical problems), and duration of each video call were analyzed. For each call, detailed notes on topics of conversation, patient general conditions, side effects related to chemotherapy, and physician advices on medical management were also recorded in the database. Number of calls resulting in change of patient medical management (i.e., prescription of new drugs, drug dose modification, medical advices on patient diet and activities of daily living, etc.) were considered an index of MCC property of giving physicians all necessary medical information for a complete decision-making process. At the end of each call, patients and physicians had to double-blindly answered to the following question: would you have requested a hospital admission or visit if the MCC system had not been available? Number of positive answers were considered a rough estimate of avoided unnecessary hospital admissions.
Non-medical individuals

Statistical analyses
All rate differences between patient subgroups were analyzed using the chi-squared test. Statistical significance was considered for p<0.05.
Results
Screening phase
In the screening phase, 80 consecutive patients receiving chemotherapy for solid tumors at the PTV between November 2005 and October 2006 were approached. An attempt to include a wide variety of cancer types and patients was made in order to render the screening group as representative as possible of the actual cancer patient profile referred to our institution.
Participants had different cancer disease conditions (metastatic vs radically resected patients) and various general management issues (general medical condition, comorbidity, psychological, social, and familial issues). Caregiver availability was also taken into consideration.
Among the 80 screened patients, tumor type and extent of disease were distributed as follows: breast cancer 17 patients (eight on adjuvant treatment, nine metastatic), gastrointestinal cancer 34 (nine on adjuvant treatment, 25 metastatic), lung cancer 15 (two on adjuvant treatment, 13 metastatic), other cancer types 14.
Screened patients came from a wide catchment area with patients' houses being located all over the urban area of Rome. A specific analysis was generated to investigate whether the annual income as a measure of the socioeconomic status, education level, accessibility to the hospital, or the age (considered as a parameter influencing the ability of patients of using more advanced technological tools) could affect patient willingness to accept and participate in the study. As shown in Table 1 , there were no statistically significant differences in the acceptance rate for the study when patients were divided between high annual income and mid-low annual income and between low education level and high education level. No differences were also seen between patients with easy accessibility to the hospital and difficult accessibility to the hospital and patients over and under 60 years old, with an overall high acceptance rate, ranging from 65% to 79%.
Experimental phase
Patient characteristics
Based on the availability of only five video stations to be installed, five cancer patients treated with chemotherapy were enrolled for the experimental phase between November 2006 and March 2007. Each patient was identified by a number from 01 to 05. Three females and two males entered into the study with a median age of 69 years (44-76). All the three females suffered from breast cancer; the two males had colon cancer. Three patients were receiving chemotherapy for metastatic disease (two breast, one colon cancer); the other two patients were having adjuvant chemotherapy with no evidence of disease (see Table 2 for patient characteristics). Differences in acceptance rate for study participation among patient subgroups. Data regarding four variables potentially influencing patient decision to participate in the study were analyzed. Patient subgroups were identified as follows: high vs medium-low annual income (considering as cutoff 50,000 euros per year), primary school vs high school/university education, easy access vs difficult access to the hospital (considering a cutoff traveling time of 30 min), >60 vs <60 years of age ns not significant Included subjects had different ages and both patients with metastatic disease and patients with no evidence of disease on adjuvant chemotherapy were recruited. All types of antineoplastic therapies were represented, namely, oral chemotherapy, standard intravenous chemotherapy, and new biological drugs. Median interval time between initial disease diagnosis and study entry was considered as relevant factor determining psychological acceptance of disease status. The median interval time between diagnosis and study entry was 2.3 years (0.6-13.5).
Video calls
Frequency of patient/doctor video contacts was determined by calculating the total number of contacts per patient/total weeks of study period.
Median duration of the experimental phase among the patients was 2.1 months (1.7-4.1). Median frequency of patient/doctor video contacts was 4.2 contacts per week (2.1-8.4; Fig. 2 ).
Average proportions of contacts due to technical support and medical reasons were 34% (9×61%) and 66% (39-85%), respectively. There was an approximately fixed number of video calls made for technical reasons that mainly occurred in the first period of study to set up the system. As the time on study passes by (as it was for the first enrolled patient, patient 01, with over 4 months of study), calls due to medical reasons become the prevalent type of calls.
Questionnaire pack
Considering on the whole the five patients, relative caregivers (which were predominantly patients' partners), and the three hospital physicians involved in the study, a score of 98% of favorable answers to the specific questionnaire on MCC system characteristics was recorded at the end of the study (Fig. 3) . Nearly all of them reported positive opinions on patient health improvement by MCC, simplicity of MCC technology, not-disturbing presence of videophone at home, protective and reassuring role of MCC, and amelioration in medical assistance, while before starting the study a 77% score of favorable answers was documented.
Main changes of opinion were reported for MCC ability of improving health condition, simplicity of MCC technology, and MCC ability of improving medical assistance (overall 21% conversion rate from unfavorable to favorable answers Fig. 3 ). According to HAD results (Fig. 4a) , neither anxiety nor depression at significant levels were documented before study commencement for three out of five patients, while mild to moderate anxiety and depression were reported for two patients, with no significant changes on the whole before and after the experimental phase (Fig. 4a) . No significant differences between before and after MCC intervention were also documented in Karnofsky Performance Status (Fig. 4a) , SF-36 test (Fig. 4b) , and KATZ index (data not shown).
Decision-making process
When data on detailed information of video-call contents were analyzed, it was revealed that, on average, 32% (range 20-47%) of calls resulted in the decision of changing patient medical management taken by hospital physicians. This value was considered indicative of a good quality and informativeness of the data collecting via the MCC device that allowed a complete decision-making process (Fig. 5) . Types of medical management change were clearly distinct when metastatic-and adjuvant-chemotherapy-receiving patients were considered separately. In fact, for metastatic patients, 35% of medical contacts resulted in oral drug dose adjustment (mainly pain killers and oral chemotherapy), while 22% of medical contacts with patients on adjuvant treatment were devoted to anxiety relief and management of post-surgical complications (i.e., arm lymphedema in breast cancer patients; data not shown). Figure 6 represents the number of occasions per month in which, after a call, there would have been a request of hospital admission/visit if MCC device had not been available, according to both patients' and hospital physicians' perspective. This parameter was considered as a rough estimate of avoided unnecessary hospital admissions/ visits. Considering physician perspective as the most reliable, an average of 2.2 hospital accesses per month (range 3-1.5) were virtually avoided by managing the patient at home using the video platform, with a real impact in terms of health system cost saving.
Discussion
Major interest is currently being shown by health care systems and medical professionals about the potential use of new telecommunications technologies to support cancer care. Encouraging results have been achieved in the fields of oncological teleconsultations for both patients and professionals [10, 11, 14] and telementoring during surgical procedures for cancer disease [3, 15] . Still little data though are available on telecare for cancer patients on chemotherapy experiencing side effects from the treatment while at home. In the present study, we demonstrated that videoassisted home care is feasible and reassuring and may potentially limit unnecessary hospital admissions.
Request for video-assisted virtual home visit may be estimated as very high among patients suffering from cancer with respect to non-oncological patients. In a study by Hebert et al., a retrospective chart review on 354 palliative care visits of patients with either oncological or non-oncological disease care was conducted. A professional nurse judged whether video visits could have been carried out. Approximately 43% of the visits were considered interchangeable with video visits. Cancer patients were more likely to be considered suitable for video visits, which suggests that type of disease, rather than diagnosis of "palliative," may be more influential for appropriateness of videophone use [7] .
However, this approach might have some limits due to the fact that patients more able to use electronic devices (computer) might be more easily recruited determining a discriminating factor in the enrollment of new patients into the program. Fig. 3 Results from a specific questionnaire exploring patients' (n.5), respective caregivers' (n.5), and hospital physicians' (n.3) opinions on five relevant aspects of the MCC system: (1) potential improvement of patient health, (2) complexity of MCC technology, (3) perception of videophone at home as a disturbing factor, (4) potential improvement of medical assistance, and (5) feeling of protection and reassurance.
The questionnaire was to be completed at the beginning and at the end of the experimental phase. a Number of respondents (out of the total of 13) answering favorably to each of the five specific questions on MCC system characteristics at the beginning (START) and the end (END) of the study. b Overall proportions among all respondents of favorable and unfavorable opinions at the beginning and the end of the study. Overall, 21% of opinions were converted from unfavorable to favorable after the study was completed
In our study, the MCC equipment was well managed by both patients and caregivers; the main positive change in patient and family member perspective was the perception that MCC may substantially improve medical assistance by virtue of a constant (24 h/day) access to medical advice with 21% of opinions changing from unfavorable at study entry to favorable at the end of the study. Study design was appropriate with a high acceptance rate for study participation among all screened cancer patients regardless of their socio-economic status, education level, and easy access to the hospital, suggesting that the ability to interface with electronic devices did not depend on these variables. Even if an anxiety-level reduction would have been expected, no changes in HAD scores were documented for all participants.
Although these data refer to a limited number of patients and a relatively short follow-up, preliminary results are encouraging. Assuming that physician's point of view is more reliable in determining the need for hospital visits, it [18, 19] can be estimated that a rate of two to four hospital accesses a month can be avoided by managing the patient at home using the video platform, with a real impact in terms of health system cost saving. Our results are in keeping with data published by Chumbler et al. [5] that showed how home telehealth technologies may lower clinic visits, bed days of care for hospitalization, and number of hospitalizations among cancer patients undergoing chemotherapy as compared to standard care.
Further experimentations to test such an innovative technology are recommended, especially considering its potential usefulness in following cancer patients on treatment with the emerging oral targeted therapies.
Moreover, a good quality of internet connection and a high definition of screen images cannot be guaranteed everywhere in urban as well as rural areas and with all telephone companies. The experimental equipment still needs in fact improvements from a technical point of view.
Another concerning aspect could be that a constant "video connection" with patient personal lives at home can be regarded as a too-intrusive approach for patients as well as for their relatives. However, data from administered questionnaires have shown that in our study patients and respective caregivers appreciate the reassuring value of having a 24-h-available medical advice via MCC connection with no concern for privacy invasion.
An open question would also remain. The most favorable advantage of MCC project, i.e., the economical gain of reducing unnecessary hospitalizations, must be weighted against the expenses of a highly sophisticated technologies that have not yet a large-scale production and an easy access to the general public.
The present research is a pilot study and it was not possible to reach a larger sample size. Further multicenter studies are required to improve expertise in the equipment use and confirm these results.
